INTRODUCTION {#sec1-1}
============

Hair is considered as one of the most defining aspects of human appearance. Alopecia or hair loss is a common and distressing problem that has a significant impact on quality of life. It is often met with feelings of grief, loss of self-confidence, and low self-esteem.\[[@ref1]\] Physicians should not underestimate the emotional effects of hair loss. About 40% of patients felt dissatisfied with the way in which their doctor dealt with them.\[[@ref2]\]

Telogen effluvium (TE) is the most common form of hair loss.\[[@ref3]\] It is caused by any disruption of hair growth cycle resulting in increased synchronized telogen hair shedding.\[[@ref4]\] Acute TE is an acute onset scalp hair loss occurring 2--3 months after a triggering event, which can be unidentifiable in up to 33% of cases.\[[@ref5]\] Chronic diffuse telogen hair loss denotes to telogen hair shedding, longer than 6 months, secondary to a diversity of organic causes.\[[@ref3]\] Chronic TE (CTE) is a primary or idiopathic generalized shedding of telogen hairs from the scalp lasting more than 6 months without any apparent cause.\[[@ref6][@ref7]\] It is characterized by insidious onset and a fluctuating course. On examination, the hair appears normal in thickness with shorter re-growing hairs in the frontal and bitemporal areas, and hair pull test is commonly positive.\[[@ref3]\]

Several studies have evaluated the relationship between iron (Fe) deficiency and hair loss. Almost all of them focused exclusively on women, and some suggested that Fe deficiency even in the absence of anemia might cause TE,\[[@ref8][@ref9][@ref10]\] yet, others have challenged this viewpoint.\[[@ref11][@ref12][@ref13][@ref14]\] Zinc (Zn) deficiency may cause TE, and its supplementation may terminate the disorder.\[[@ref10][@ref15][@ref16]\] There is an opposing argument that there exists no relationship between Zn and TE so far.\[[@ref3][@ref5][@ref9][@ref17]\]

It was reported that many heavy metals (thallium, mercury, arsenic, copper, lead (Pb), cadmium (Cd), and bismuth) are capable of disrupting the formation of hair shaft through covalent bonding with the sulfhydryl groups in keratin.\[[@ref18]\] Pb and Cd are highly toxic metals and both are prevalent in the environment and accumulate in the body over lifetime.\[[@ref19]\]

Several studies reported increased levels of toxic heavy metals in the Egyptian environment. It was reported that Cd and Pb contents in some foodstuffs from the Egyptian market were above the acceptable levels as established by the regulatory organizations.\[[@ref20]\] In addition, Cd and Pb concentrations in surface drinking water samples of Dakahlia Governorate were higher than the permissible limits of Egyptian Ministry of Health and World Health Organization (WHO).\[[@ref21]\] In addition, water, sediments, and fish organs from Lake Manzala in Dakahlia Governorate showed high concentrations of Cd and Pb above the international permissible limits in water and sediment quality guidelines, and fish might pose health hazards for consumers.\[[@ref22]\]

By reviewing the literature, there was no enough study for the association between exposure to toxic heavy metals and hair loss. Also, there is still a debate about the association between changes in Fe and Zn blood levels and hair loss. The aim of the present work is to determine whether there is a relationship between CTE in females and alterations in Pb, Cd, Zn, and Fe blood levels.

MATERIALS AND METHODS {#sec1-2}
=====================

Selection of patients and controls {#sec2-1}
----------------------------------

This case-control study was conducted on the patients attending the Dermatology Outpatient Clinic of Mansoura University Hospital, Dakahlia Governorate, Egypt. This study was in accordance with the ethical standards of the Ethics Committee of Faculty of Medicine, Mansoura University and with the Helsinki Declaration of 1975, as revised in 2000. Consent was obtained from each participant before entering the study.

This work included 40 female patients having CTE and 30 healthy well-matched females as a control group. Detailed history was taken regarding age, occupation, marital status, pregnancy and lactation, special habits, scarves wearing, hair loss history including duration of the disease, associated psychological disturbances, associated medical or surgical conditions, and drug intake. Complete general and dermatological examinations were done. Hair pull test for evaluation of hair loss was done as following: No shampooing hair 24 h prior to the test, then about 60 hairs were grasped between thumb and fingers and pulled gently but firmly from root to tip. The test was repeated in all four quadrants of the scalp and bitemporal areas. The test considered positive when more than 10% of hair pulled out indicating a process of active hair shedding.\[[@ref23]\]

All contributors were nonworking females living in Dakahlia Governorate with no special habit. Clinically, all the patients showed CTE that is characterized by a diffuse loss of telogen hairs involving the whole scalp and continuing for more than 6 months. The hairs appeared normal in thickness, with shorter re-growing hairs in the frontal and bitemporal areas. Hair pull test was positive all-over scalp (in both the vertex area, margins of the scalp, and the occipital region) in all cases. In addition, trichogram (microscopic evaluation of hairs) revealed hairs of homogeneous thickness in telogen phase with club-shaped roots.

Trichoscopy was used to exclude other causes of hair loss as there are no exact trichoscopy findings in CTE. However, frequent, but not specific, findings include the presence of empty hair follicles/yellow dots, a predominance of follicular units with only one hair, perifollicular discoloration (the peripilar sign), upright re-growing hairs and lack of features typical of other diseases. There is no significant difference between the findings in the frontal area and those in the occipital area.

Routine investigations for all contributors including complete blood picture, random blood sugar, liver and kidney functions, and thyroid hormones (in suspected cases) were done, and they were normal.

We excluded, in the current study, any female with identifiable causes of hair loss such as recent abortion, pregnancy, lactation, anemia, hyperandrogenism (e.g. PCOS & androgenetic alopecia), thyroid dysfunction, major chronic illness (e.g. diabetes, hypertension, hepatic, or renal diseases, systemic lupus erythematosus), diet regime, nutritional deficiency, procedures for hair (e.g. dyeing, waving) and history of operation. We also excluded patients on the following drugs: Chemotherapy, anticonvulsant, anti-coagulants, antidepressants, any hormonal treatment such as estrogens, progesterone, androgen or thyroxin, antigout, antihypertensive, and Fe or Zn supplement.

Biochemical analysis of lead, cadmium, iron, and zinc {#sec2-2}
-----------------------------------------------------

For each participant, after the skin was cleaned with 70% ethanol, 1 mL venous blood was withdrawn from anticubital vein under complete aseptic condition using disposable plastic syringes, transferred into polypropylene tube and kept in the refrigerator at −20°C till conduction of analysis of Pb, Cd, Fe, and Zn. Digestion of blood samples were done by the wet method of digestion (nitric-perchloric acid) according to the method of Vanloon.\[[@ref24]\] Pb, Cd, Fe, and Zn quantitative analysis was done according to the method of Stockwell and Corns\[[@ref25]\] using Perkin-Elmer 2380 atomic absorption spectrometry (AAS cold steam technique in combination with flow injection system at Mansoura Faculty of Science).

Preparation of standards and samples was carried out under clean conditions using deionized water. Analytic standards of Pb, Cd, Fe, and Zn were prepared from solutions of metal nitrate (BDH, UK), with concentration of 1000 mg/L. All chemicals used were ultra-pure reagents grade. All glass-ware and plastic-ware were washed 3 times with deionized water then soaked in 20% nitric acid overnight. After soaking, the glass-ware was washed 3 times with deionized water and dried. Quality assurance was achieved by measuring blank test solutions. All metal contents were measured in duplicate (standard deviation \[SD\] \<10%) by the working curve method.

Statistical analysis {#sec2-3}
--------------------

Data were analyzed using Statistical Package for Social Sciences (SPSS) version 15 (IBM Corporation, USA). Qualitative data were presented as number and percent. Quantitative data were presented as mean ± SD and (min--max). Student\'s *t*-test was used to compare between two groups. *P* \< 0.05 was considered as statistically significant.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows age, body weight, marital status, and scarves wearing duration of patient and control groups. All participants were wearing scarves. Hair fall was of insidious onset and progressive course and was not preceded by mental stress. The duration of hair fall ranged from 6 months to 9 years (1.59 ± 1.47 years). All the patients documented taking good dieting.

###### 

Age, body weight, marital status, scarves wearing duration, and Fe, Zn, Pb, and Cd total blood levels in patient and control groups

![](IJT-7-100-g001)

Fe, Zn, Pb, and Cd total blood levels of patient and control groups are presented in [Table 1](#T1){ref-type="table"}. Cd total blood level showed significant positive correlation with the patient\'s body weight (*r* = 0.351 and *P* = 0.026). There were no statistically significant correlations between levels of Cd, Pb, Zn, and Fe in patients group.

DISCUSSION {#sec1-4}
==========

Hair loss is a common and stressful problem that provokes anxieties more intense than its objective severity seems. The burden of hair loss for some patients may be comparable to more severe chronic or life-threatening diseases.\[[@ref26]\] A reasonable number of females were found to have CTE where a specific trigger cannot be identified.\[[@ref5]\] It was suggested that CTE might be secondary to a reduction in the duration of anagen.\[[@ref6]\] Diagnosis of CTE requires exclusion of other causes of chronic diffuse telogen hair loss with the help of a thorough history, full clinical examination, and investigations.\[[@ref27]\]

Exposure to toxic metals has become an increasingly recognized source of illness worldwide. Pb is one of the most hazardous and cumulative pollutants.\[[@ref28]\] Cd also is considered as one of the most toxic substances in the environment due to its wide range of organ toxicity and long elimination half-life of 10--30 years.\[[@ref29]\] The most important nonoccupational sources of exposure are food (especially seafood from metal-polluted area), drinking water (mostly from Pb pipes in contact with soft and acidic water), air (especially Pb from gasoline in dense traffic areas), Pb-based paints of housing, and smoking (Cd and to lesser extent Pb from tobacco).\[[@ref19]\]

The present study included 40 female patients fulfilling the criteria of CTH, but the course of the condition was progressive rather than fluctuating. Total blood Fe levels in patients and controls were within normal range reported in females (400--600 mg/L).\[[@ref30]\] This is in agreement with several studies that found no direct relationship between Fe levels and hair loss in females with CTE.\[[@ref11][@ref12][@ref13][@ref14]\]

Also, total blood Zn levels of patients and controls were within the average normal range as detected in whole blood of healthy females (5.852 ± 1.229 µg/mL).\[[@ref31]\] Consistent with this result, there are studies found that there was no evidence to support low serum Zn concentrations in the CTE.\[[@ref9][@ref17][@ref32]\] Also, Harrison and Sinclair\[[@ref5]\] suggested that TE alone with no other symptoms or signs of decreased Zn levels is never due to dietary Zn deficiency.

Total Pb blood levels, also, in patients and controls were less than the acceptable blood concentrations in healthy persons without excessive exposure to environmental sources of Pb (\<5 µg/dL for children and \<10 μg/dL in adults).\[[@ref33]\] Furthermore, Pb levels were below the reference range for healthy individuals living in Mansoura City, Dakahlia Governorate (12.43 ± 3.77 µg/dL).\[[@ref34]\]

However, Pb blood level is not a good indicator of health as it can frequently be normal in spite of chronic toxicity. Pb is deposited primarily in the bones and the brain so that only minimal levels remain in the blood about 30 days after exposure.\[[@ref35]\] Rossi\[[@ref36]\] found an elevated risk of peripheral arterial disease, hypertension and renal dysfunction in persons with Pb blood levels about 2 μg/dL. Moreover, Menke *et al*.\[[@ref37]\] reported that level \<10 μg/dL is not considered safe, and an increased possibility of death from heart attack or stroke was seen in people with blood levels \>2 μg/dL.

In the current study, the total blood Cd level was significantly higher in patients (5 ± 3 µg/L) than controls (4 ± 2 µg/L) and both were higher than that reported by Cerna *et al*.\[[@ref38]\] and Nordberg\[[@ref39]\] in whole blood of healthy nonsmokers (0.4--1 µg/L), and than that estimated in healthy nonsmokers living in Mansoura City, Dakahlia Governorate (1.37 ± 0.45 µg/L).\[[@ref34]\] Occupational Safety and Health Administration considers a whole blood Cd level ≥ 5 µg/L hazardous.\[[@ref40]\]

High Cd blood levels may be due to variable environmental sources of exposure with the absence of general preventive policies. Human exposure to Cd happens mainly through inhalation or ingestion. Cigarette smoking is considered as the most significant source of human Cd exposure. Intestinal absorption is greater in persons with Fe, calcium, or Zn deficiency.\[[@ref41]\] Satarug and Moore\[[@ref42]\] found a three- to four-fold increase in Cd body burden among Thai women who had low Fe stores, and Kippler *et al*.\[[@ref43]\] found increased Cd burden among Bangladeshi women associated with low Fe stores.

Many studies showed increased Cd and Pb levels in Egyptian environment. Salama and Radwan\[[@ref20]\] found that Cd and Pb contents in some foodstuffs from the Egyptian market were above the acceptable levels as established by the regulatory organizations. They suggested that atmospheric deposition from urban and agricultural areas might Pb to enrichment of these products from Cd and/or Pb. Cd contaminated topsoil is considered as the most likely mechanism for the greatest human exposure through uptake into edible plant.

In another study by Mandour and Azab,\[[@ref21]\] Cd and Pb concentrations in surface drinking water samples from Dakahlia Governorate in Egypt were higher than the permissible limits of Egyptian Ministry of Health and WHO. Cd is found in surface water as a pollutant from industries working in the region such as electroplating steel, plastics, and batteries. In addition, Salem *et al*.\[[@ref44]\] suggested that Cd might enter drinking water as a result of corrosion of galvanized pipe.

Furthermore, water, sediments, and fish organs from Lake Manzala in Dakahlia Governorate showed high concentrations of Cd and Pb than those from other lakes. Fish may pose health hazards for consumers. In Egyptian irrigation system, the main source of Pb is industrial wastes while that of Cd is the phosphatic fertilizers used in crop farms and sewage sludge disposal.\[[@ref22]\]

In the present study, it is suggested that elevated Cd blood level in the presence of Pb may be the hidden cause of the idiopathic hair fall. Toxic effects of Cd are magnified by interaction with other toxic metals such as Pb as co-exposure to Pb and Cd has synergistic cytotoxicity.\[[@ref45]\] Cd and Pb can induce hair loss by many possible mechanisms. This is supported by Pierard\[[@ref46]\] who reported toxic metals ingestion in 36 of 78 patients with diffuse hair loss with Cd identification in two cases. Metal ions were not increased in the hair shaft of patients, presenting a toxic alopecia, suggesting that they exerted their effect in promoting a premature end of the hair cycle rather than a progressive metabolic alteration of the process of keratinization so far. In addition, Trüeb\[[@ref18]\] reported that many heavy metals (thallium, mercury, arsenic, copper, Cd, and bismuth) were capable of disrupting the formation of hair shaft through covalent banding with the sulfhydryl groups in keratin.

Moreover, hair loss associating Cd and/or Pb toxicity may be due to relative Zn deficiency.\[[@ref19]\] Binding to metallothionein is necessary for utilization of Zn. Cd and Pb compete with Zn and bind more tightly to metallothionein thus, alteration in the amount and/or biological availability of Zn occurs.\[[@ref47]\] As a cofactor of metalloenzyme, Zn is involved in hair follicle cycling and hair growth.\[[@ref48]\] Zn is essential for more than 300 enzymes, important for nucleic acid and protein synthesis and cell division.\[[@ref49]\] Also, there is aberrant Zn-dependent immunological control of hair growth.\[[@ref50]\] Furthermore, Zn is a catagen inhibitor via its inhibitory action on apoptosis-related endonucleases.\[[@ref51]\] Finally, Zn is a component of Zn finger motifs for many transcription factors that control hair growth through hedgehog signaling.\[[@ref52]\]

In addition to Zn, a number of important Fe-dependent metabolic steps can be inhibited by Pb and Cd.\[[@ref19]\] Iron (Fe) is needed for Fe-dependent coenzymes such as stearyl-coenzyme A desaturase and as a cofactor for ribonucleotide reductase, the rate-limiting enzyme for DNA synthesis.\[[@ref53]\] In addition, hair follicle matrix cells are among the most rapidly dividing cells in the body and they have lower levels of ferritin and higher levels of free Fe and may be finely sensitive even to a minor decrease in Fe availability.\[[@ref54]\]

Generation of reactive oxygen species caused by Pb and Cd exposure may result in oxidative damage to critical biomolecules.\[[@ref55]\] Hair exposed to oxidative stress may show potential damage as repeated oxidative stress or inhibition of mitochondrial function may Pb to apoptosis and hair loss.\[[@ref56][@ref57]\] Also, Pb and Cd make alterations in the antioxidant enzymes such as glutathione peroxidase, glutathione-S-transferase, superoxide dismutase, and catalase, and of nonenzymatic molecule like glutathione that normally protect against free radical toxicity.\[[@ref55]\] Depletion of glutathione has been observed, as structural alteration of proteins due to Cd binding to sulfhydryl groups.\[[@ref58]\] Furthermore, Cd induces tissue injury through increased lipid peroxidation,\[[@ref55]\] epigenetic changes in DNA expression,\[[@ref59]\] and inhibition or upregulation of transport pathways.\[[@ref60]\]

Effective antioxidant therapies are suggested and there are evidences that selenium,\[[@ref61]\] Zn,\[[@ref62]\] carotenoids and Vitamin A, Vitamin C, Vitamin E\[[@ref55]\] and factors increasing levels of Nuclear factor-erythroid 2--related factor 2 (that induces cytoprotective and antioxidant enzymes)\[[@ref63]\] may partially antagonize the toxic effects of Cd and Pb. Antioxidant food supplements are found in various forms: Vegetables, fruits, grain cereals, legumes, and nuts.\[[@ref64]\] Also, Zn is very protective against Cd and Pb absorption in the intestines. Zn can enhance interstitial cells efflux of Cd. Also, Zn and Pb compete for similar binding sites on the metallothionein like transport protein in the gastrointestinal tract, and this competition decreases Pb absorption.\[[@ref55]\]

CONCLUSION {#sec1-5}
==========

Estimation of total blood Pb and Cd levels may be important in cases of unexplained hair fall. Reduction of increased heavy metal body load by preventive measures and drugs is mandatory. Cases with hair fall should be advised to optimize caloric, Fe, Zn, and calcium intake specifically to reduce Pb and Cd absorption. Supplementation of antioxidant may reduce hair damage. As rich sources of antioxidants, diet with lots of fruits and vegetable is recommended.
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